Introduction
============

Nocardial affection of the central nervous system (CNS) is common in immunocompromised patients, but primary cerebral abscess is an unusual presentation in immunocompetent patients. Nocardial brain abscess is an uncommon condition and occurs usually secondary to a septic focus elsewhere in the body ([@r1]). Symptoms of infection are usually nonspecific and patients in most cases present with fever, dyspnea and cough. Mortality is most probably associated with the infection site ([@r2]). Nocardia is a very rare causative agent of intracranial abscess (only 1% to 2% of all cerebral abscesses), but its mortality rate (31%) is about three times greater than in others (\<10%) ([@r3]). We present a case where nocardial abscesses of the lung and brain were initially suspected as lung cancer with brain metastases.

Case Report
===========

A 70-year-old man, retired, divorced, father to three children, with no history of previous diseases, taking no chronic medication, non-smoker, no alcohol abuse, presented to his general practitioner for persistent fever and cough. Chest x-ray revealed lung lesion on the right side. The patient was referred to a regional hospital for further treatment and diagnostics, which he refused.

Two months later, he experienced generalized epileptic seizure and was referred to the University Hospital Emergency Center, where he was examined by a neurologist. He presented as alert, fully oriented with right hemiplegia, muscle power grade 1, according to manual muscle test (MMT). There were no significant neurological deficits found on examination of the sensory or cranial nerves. The patient stated progressive onset of the neurological deficit with significant worsening after the seizure. Computed tomography (CT) of the head showed a lesion in the left precentral region with rim enhancement after administration of intravenous contrast agent, surrounded by a zone of white matter edema. Knowing that pulmonary lesion had been present and CT finding was highly suspect of metastasis, the patient was referred to a tertiary level hospital specialized in the treatment of pulmonary diseases for further diagnostics. Laboratory analyses showed raised levels of inflammatory markers: leukocytosis (21.5x10^9^/L), neutrophilia (87.2%), high C-reactive protein (CRP; 58.1 mg/L; normal range 0.0-5.0 mg/L), fibrinogen 6.59 g/L (normal range 2.2-4.9 g/L) and erythrocyte sedimentation rate (ESR) 60 mm/hour.

Computed tomography (CT) scan of the chest revealed a 6 cm large, well defined, centrally hypodense lesion in the right middle lobe of the lung, dominantly in the S5 segment in contact with parietal pleura, right dome of the diaphragm and pericardial fat pad, with no significant hilar or mediastinal lymphadenopathy ([Fig. 1](#f1){ref-type="fig"}).
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Magnetic resonance imaging (MRI) of the brain showed 3 cm large three confluent ring-enhancing lesions in the left precentral region ([Fig. 2](#f2){ref-type="fig"}), with significant perifocal edema and restricted diffusion ([Fig. 3](#f3){ref-type="fig"}). According to imaging characteristics of the cerebral lesion, brain abscess was suspected, but centrally necrotic metastasis of lung cancer was also possible as a differential diagnosis.
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After consultation with a neurosurgeon, the patient was transferred to the Neurosurgery Department. Taking into consideration that the lesion together with perilesional edema was compressive and caused severe motor neurological deficit and symptomatic epilepsy, a decision was made to remove it surgically. Left parietal craniotomy was performed and location of the lesion was determined by intraoperative ultrasound. Because of the proximity of motor cortex, intraoperative neurophysiological monitoring was used (motor evoked potentials, somatosensory evoked potentials and free running electroencaphalography). At the depth of 5 mm subcortically the lesion was found. It was well delineated from the surrounding brain tissue and had a thin vascularized wall. Inside the lesion, yellow, pus-like fluid was found. Samples were obtained for microbiological and pathological analyses.

Bacteriological investigation revealed gram-positive beaded, branching filaments consisting of *Nocardia cyriacigeorgica*.

Pathological examination of the surgical specimen revealed fragments of brain tissue with zones of necrosis and infiltration with neutrophils, lymphocytes and histiocytes, highly suggestive of brain abscess ([Fig. 4](#f4){ref-type="fig"}).
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An early postoperative CT scan showed complete removal of the lesion, without surgical complications. All postoperative laboratory findings were normal, except for ESR (15 mm/h), leukocytosis with neutrophilia (16.82x10^9^/L) and elevated CRP (9.8 mg/L), which were decreasing in comparison with initial values. The patient's right hemiplegia regressed and his muscle power recovered to grade 4 according to MMT in the first week after surgery; he was transferred to the Infectious Diseases Department and received antimicrobial therapy (sulfamethoxazole and ceftriaxone).

Follow up chest CT scan at the Institute for Pulmonary Diseases showed complete regression of the previously described lung lesion, with minor adhesions left ([Fig. 5](#f5){ref-type="fig"}). Pathological examination after bronchoscopy revealed no signs of malignancy.
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The follow up brain imaging taken at his outpatient appointments revealed gradual decreasing of brain edema without relapse of the disease ([Fig. 6](#f6){ref-type="fig"}).
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Discussion
==========

Nocardia is a ubiquitous microorganism which can be the cause of local and disseminated infection in humans. Immunocompetent and immunocompromised patients both can be affected. There are more than 50 species of Nocardia characterized until now. In 2001, Yasin *et al*. reported for the first time nocardiosis caused by a new species named *Nocardia cyriacigeorgica*, which was found in a patient with chronic bronchitis ([@r4]). In the years after their discovery, *Nocardia cyriacigeorgica* was reported as a pathogen isolated in patients worldwide ([@r5]-[@r7]). In most cases, nocardiosis is present as a pulmonary infection because inhalation is the primary way of bacterial exposure. The CNS is a common site of extrapulmonary nocardiosis and it is affected by hematogenous dissemination. Characteristic of CNS nocardiosis is formation of a single or multiple abscesses ([@r8]). Pulmonary infection usually starts in a subacute way with unspecific symptoms such as cough, breath shortening, chest pain, hemoptysis, night sweats, weight loss, progressive fatigue and fever. CNS affection also has insidious onset, which makes early diagnosis hard to achieve. In the paper by Mamelak *et al*., the authors reviewed a significant number of patients with CNS nocardiosis through several decades; the most common clinical findings were focal neurological deficits, epileptic seizures and non-focal deficits in 42%, 30% and 27% of patients, respectively ([@r9]). Besides clinical and neurological findings, neuroimaging methods and microbiological analyses are a diagnostic pool together with pathological examination. Setting the diagnosis of extrapulmonary nocardiosis (pulmonary, cutaneous, etc.), which occurs in almost 70% of patients with brain abscesses, is an important step in raising suspicion that CNS nocardiosis may be present.

Computed tomography is usually the first diagnostic method used after onset of neurological symptoms and it reveals single or multiple changes with ring enhancement after IV contrast administration, surrounded by more or less extensive zone of vasogenic edema.

Magnetic resonance imaging of the brain is more sensitive in the detection of this type of lesion, especially after administration of gadolinium contrast agents. In some situations, it is very difficult to draw clear distinction between brain abscesses and other multiple brain lesions such as secondary deposits. Additional tools and sequences such as magnetic resonance proton spectroscopy (MRS) or diffusion weighted imaging (DWI) delineating biochemical changes and structural changes at the cellular level in target lesion can be helpful not only in diagnosis but also in following-up the effects of therapy applied ([@r10]-[@r12]).

Amplification of specific genetic markers of bacteria using PCR is a foundation of molecular identification at the genus level. The more precise identification at the level of species can be done by further 16S rRNA sequencing ([@r13], [@r14]).

Pathological diagnosis of CNS nocardiosis is based on the use of different staining of specimens obtained after surgical aspiration or excision of CNS lesions. On hematoxylin and eosin stained (H&E) specimens, abscess formation with neutrophilic infiltrate is most commonly seen. Characteristic right-angle branching filaments of Nocardia can be shown with Brown & Brenn stain (an equivalent to Gram stain) with the modified Kinyoun or Fite Faraco staining methods and Gomori methenamine silver stain ([@r3], [@r15]). In the treatment of nocardial brain abscesses, both antimicrobial and surgical treatments can be used. The absence of appropriate prospective trials results in a lack of widely accepted treatment recommendations. If there is extraneural nocardiosis and microbiological diagnosis can be set, brain lesion is smaller than 2.5 centimeter in largest diameter, without compressive manifestations, and the patient is in stable general and neurological condition, antimicrobial therapy can be started empirically ([@r9]). Sulfonamides are antimicrobials of choice to treat nocardiosis, together with other effective antimicrobial drugs such as amikacin, imipenem, meropenem, ceftriaxone, cefotaxime, minocycline, moxifloxacin, levofloxacin, linezolid, tigecycline, and amoxicillin-clavulanic-acid ([@r1]).

In case the surgery is needed, surgical aspiration or complete resection can be offered. According to Lee *et al*., aspiration alone is a safe, efficacious treatment for the majority of patients with nocardial brain abscesses ([@r7]). In the largest series by Mamelak *et al*., the mortality rate was 24% after initial craniotomy and excision, and twice higher (50%) after aspiration and drainage ([@r8]).

Conclusion
==========

According to a growing body of evidence published in the literature recently, one can assume that the incidence of nocardial infection is rising. The explanation probably lies in the facts that the population of the elderly is also growing, such as the number of immunocompromised patients with human immunodeficiency virus or after solid organ transplantation. Considering the high mortality rate in patients with CNS nocardial infection, we want to raise awareness of the possibility of this rare but potentially fatal condition. A combination of antimicrobial therapy with surgical treatment in carefully selected cases can be, as we showed in this report, highly effective if applied timely.
